Brazil is the richest country in the world in terms of primate species and the Amazonian rain forest is one of the richest biomes containing 15 (ca. 90%) of the Neotropical primate genera. Although considered key elements in conservation strategies, there is only anecdotal information on primates for several protected areas within the region. Here we present new data on the community composition of the primates in the Saracá-Taqüera National Forest (429,600 ha), an actively mined, bauxite rich area, in Pará, Brazil. We used information from the literature, technical reports, museum data, and interviews conducted with agents from the Brazilian Institute of the Environment and Natural Renewable Resources (Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis -IBAMA) and members of the local "Quilombo" community. In addition, from July 2003 to June 2007, we carried out 19 field trips ranging from 10 to15 days each, amounting to a total effort of 1,230 hours and 1,420 km of censuses, resulting in 1,034 records of eight primate species (Saguinus martinsi, Saguinus midas, Saimiri sciureus, Cebus apella, Pithecia pithecia, Chiropotes sagulatus, Ateles paniscus, and Alouatta macconelli). Two other species (Cebus olivaceus and Aotus trivirgatus) were recorded only indirectly, through interviews and literature data. In all, Alouatta macconelli was the most frequently recorded species (43% of all records); while Saguinus midas and P. pithecia were the least (ca. 0.4 and 0.6% of all records). Based on our results, we discuss group sizes as well as taxonomic problems concerning the genera Pithecia and Chiropotes, for which we registered individuals displaying phenotypic geographical variation and two different forms, respectively. Despite the deforestation inherent in bauxite mining, the Saracá-Taqüera National Forest still has a remarkable richness of primate species. Our study results place this National Forest amongst the richest reserves, in terms of primate species, in the Amazon region.
Introduction
Brazil has the highest number of primate species in the world, with 137 recorded taxa (IUCN PSG, 2007) , many of these endemic. Several of these species are listed as threatened by the IUCN (IUCN, 2007) . The main threat to these species is habitat loss and fragmentation. Currently, in the national red list, 26 taxa are considered "Threatened", seven "Near Threatened", and for 16 other, there is insufficient data (Machado et al., 2005) . Another threat to primate communities in Brazil is the gap in knowledge related to their geographical distribution. This lack of knowledge represents an obstacle to species conservation (Silva Júnior, 1998; Vivo, 1996) . Concurrently, basic information on the biology and ecology of many species and subspecies also remains uncertain.
The Amazon biome is one of the main biomes in Latin America (Goldani et al., 2006) and it is one of richest forests in terms of primate species in the world, with 15 of the 17 Neotropical primate genera represented (Rylands et al., 2000) . Currently 86 species occur in this biome, 82 of which are endemic and 18 have restricted geographic distributions. Despite this great richness and endemism, community composition spanning a wide geographic range remains unresolved. Although primates represent key elements in the conservation strategies of tropical rain forests, this important information is anecdotal for several protected areas within the region (Rylands et al., 1997) .
In an attempt to bridge this gap in knowledge regarding primate diversity in protected areas of rain forests in the Amazonian region, we present here new data on the primate community composition in the Saracá-Taqüera National Forest, Pará, Brazil.
Material and Methods

Study area
This study was conduct in the Saracá-Taqüera National Forest, a protected area 429,600 ha in size, located in the western region of Pará state, Brazil. Fieldwork was carried out in the district of Porto de Trombetas (01° 40' S and 56° 00' W), a bauxite rich area, 100 km west of the confluence of the Trombetas and Amazonas rivers. The area is mined by Rio do Norte Mining company (Mineração Rio do Norte), which deforests some of the plateaus within the National Forest to extract bauxite. After the removal of the bauxite, areas are reforested with native plant species, based on previous botanical surveys (Oliveira et al., 2006) .
The study area is located in the lowland forest domain (Ab'Saber, 1971) , dominated by evergreen forest (IBGE, 1993) , within which a canopied inferior layer of broad-leaf plant species and the absence of a typical understory occur. Although the mean canopy height is approximately 30 m, some emergent species, such as the cabbage-bark tree (Andira spp. (Bonpl)) and the Brazil nut tree (Bertholletia excelsa) can reach 45 m in height (Brandt Meio Ambiente, 2001) . We focused our ongoing study in two plateaus (Figure 1 ), locally known as "Almeidas" (850 ha) and "Bacaba" (200 ha).
Field procedures and data compilation
A preliminary list of the probable taxa occurring within the study area was compiled based on distributional maps found in the literature (Andrade, 2007; Gregorin, 1996; Hershkovitz, 1977; 1979; 1983; 1984; Hirsh et al., 1991; 2002; Kellogg and Goldman, 1944; Oliveira et al., 2004; Silva Junior, 2001; Thorington, 1985) . Two technical reports: the Saracá-Taqüera National Forest Management Plan (STCP, 2001) and an environmental impact assessment of the effects of the bauxite mining operation within the Forest (Brandt Meio Ambiente, 2001) were also consulted in order to gather information. We also obtained records from specimens deposited in the following mammal collections: the Zoology Museum at the University of São Paulo (Museu de Zoologia, Universidade de São Paulo -MZUSP), the Rio de Janeiro National Museum at the Rio de Janeiro Federal University (Museu Nacional do Rio de Janeiro, Universidade Federal do Rio de Janeiro -MNRJ), and the Emílio Goeldi Museum (Museu Paraense Emílio Goeldi -MPEG). Further data were provided by interviews conducted with four agents from the Brazilian Institute of Environment and Renewable Natural Resources (IBAMA), our field assistants (n = 10), and members of the local "Quilombo" community, descendents of runaway slaves which took to living in remote locations and are quite knowledgeable of local wildlife. During the interviews, we presented the interviewees with illustrations of fauna from Emmons and Feer (1997) and personal photos of primate species with possible occurrence in the region and those with improbable occurrence in the region. We then asked them to identify those that they had seen in the region. For each record reported, we noted the species, the type of record (i.e. visual, vocalisation, etc.) , and location and estimated date. We also questioned the interviewees on the use of primates as a source of protein in their diet; this being affirmed we requested to see any skeletal or pelage remains for species confirmation.
From July 2003 to June 2007, we carried out 19 field trips ranging from 10 to 15 days each. Two teams each composed of one researcher and one field assistant, censused the primates on the plateaus and the surrounding lowland areas. The censuses were carried out by walking at an average of 1 km/h, starting at 5:00-6:00 AM, and ending at 12:00 AM. This period of the day represents the range in which Neotropical primates are known to be the most active (NRC, 1981) . We made additional opportunistic sightings between 3:00 to 6:00 PM. Primate records were obtained ad libitum (Altmann, 1974) . When primate groups were located and species identified, we recorded information on their group size, type of record, and time of day. For all records we also obtained geographic coordinates with the use of Global Positioning System (GPS) units (models: E-trex and 12 XL, Garmin Inc. Olathe, Kansas) calibrated to the WGS84 datum. For comparison with other Amazonian and Atlantic forest sites, we arranged the data in a kilometric index indicating the number of primate groups sighted per 10 km walked (hereafter termed number of sightings).
Results
According to the literature, ten primate species (Saguinus martinsi (Thomas, 1912) , Saguinus midas (Linnaeus, 1758), Aotus trivirgatus (Humboldt, 1811), Saimiri sciureus Linnaeus, 1758, Cebus apella Linnaeus, 1758, Cebus olivaceus Schomburgk, 1848, Pithecia pithecia Linnaeus, 1766, Chiropotes sagulatus Traill, 1821, Ateles paniscus Linnaeus, 1758 and Alouatta macconelli Linnaeus, 1766) have geographic distributions that encompass the study area. Of these 10 species with expected occurrence in the study area, only A. trivirgatus and C. olivaceus were not directly sighted by us, although they were recorded in interviews, museum collections and literature records (Table 1) . In the field, with a sample effort of 1,230 hours and 1,420 km of censuses, we obtained 1,034 records of eight primate species (Table 1) .
Alouatta macconnelli was the most frequently recorded species, accounting for 43% of all records, fol- lowed by Cebus apella with 16% and Ateles paniscus with 14%. The prevalence of A. macconnelli records, in the field, was due to their potent vocalisations, resulting in a greater number of indirect records for this species. The rarest of the sighted species in the study was Saguinus midas with only four records (0.39% of all records) during the entire study. Taking into consideration records obtained only by direct observations, C. apella and C. sagulatus were the most recorded species with 151 and 120 records, respectively (1.06 and 0.84 sights/10 km respectively), followed by A. macconnelli with 117 records (0.82 sights/10 km). Group sizes varied among the species within the study, with the highest average group size observed in C. sagulatus with about 9 individuals while the lowest average was for S. midas with 2 individuals per group (Table 2) .
The number of sightings in our study was greater than all "terra firme" sites surveyed by Peres (1997) Oliveira et al., 2004; 3. Hershkovitz, 1977; 4. Hershkovitz, 1983; 5. Hershkovitz, 1984; 6. Thorington, 1985; 7. Silva Júnior, 2001; 8. Hershkovitz, 1979; 9. Hershkovitz, 1987; 10. Hershkovitz, 1985; 11. Gregorin, 1996; 12. Gregorin, 2006; 13. Hirsch et al., 1991; 14. Kellogg and Goldman, 1944; 15. Andrade, 2007 for the genus Alouatta, Ateles and Chiropotes although less when compared to data from Parry et al., (2007) for Alouatta and Ateles. The number of sightings for the species of the genus Saguinus, Saimiri and Pithecia were less when compared to these same studies. For the species Cebus apella our sightings were similar to those found by Peres (1997) and Parry et al., (2007) (Table 3) .
Also of note were records of what appeared to be two different phenotypes of Chiropotes sagulatus, although this requires further verification. One of the forms, the most frequently recorded, follows the pattern usually described for the species (reddish-brown body with dark extremities) while the other presented much darker coloration, with almost the entire body black or dark brown. We also recorded, by direct observation, one form of the genus Pithecia with a white facial mask with yellowish cheeks, which can be an intermediary form between subspecies of this genus.
Discussion
Our study recorded 10 primate species in the Saracá-Taqüera National Forest, which places the Saracá-Taqüera National Forest among the richest reserves in primate species in the Amazon region (Rylands, 1985; Rylands and Bernardes, 1989) . Furthermore, given its size and state of conservation, there is the potential for the discovery of more species or forms. Support for this comes from our preliminary observations of another form of the genus Chiropotes, and possibly of the genus Pithecia, although proof of this requires the collection of specimens and further morphological and genetic analysis. This richness is higher than that previously proposed (N = 8) for the National Forest (Andrade, 2007) . Different sampling effort between our study and Andrade (2007) (1,420 km and 800 km respectively in plateau areas) and use of different methodologies (Interviews and Scientific collections) may explain this difference.
A technical report (STCP, 2001 ) indicated the presence of Saguinus midas niger (= Saguinus niger) and Ateles belzebuth marginatus (= Ateles marginatus) in the Saracá-Taqüera National Forest. We believe these species are unlikely to occur in the study area because their original geographic distribution does not encompass this region, being restricted to the south of the Amazon River (Hershkovitz, 1977; Hirsh et al., 2002; Martins et al., 1988) .
The prevalence of A. macconnelli (in total records) within the Saracá-Taqüera National Forest primate community may be explained by the fact that the genus normally reaches high densities (Neville, 1972; Rudran, 1979 ; but also see Terborgh et al., 2001 ) has small home range sizes (4-60 ha; Defler, 2003) and a powerful vocalisation. All of these facts are considered a result of the genus's ability to use leaves as a major part of their diet. (2000); and 4) From Parry et al. (2007) .
In fact, Terborgh et al. (2001) reported howler monkeys occurring in very small islands in Venezuela at densities equivalent to a 1,000 ind/km 2 . Yet, the energetic returns from fermentation are not sufficient to allow individuals to travel great distances, therefore explaining their small home ranges, and lack of actively patrolled territories. This causes groups to overlap at times as well as use vocalisations as a more energy efficient means of avoiding conflicts (Macdonald, 2006) . The number of vocalisation records for A. macconnelli increased as the deforestation of the plateau increased (personal observation), which could be a result of groups "crowding" together in response to the decrease in available habitat within the plateaus, thereby forcing groups to move into surrounding lowland areas where other groups may already have established home ranges. This "crowding effect" may also be an explanation for the difference between the sighting rates found in our study and those in the literature. In our study, the genus Ateles, Alouatta and Chiropotes presented a greater number of sightings than those presented by Peres (1997) for terra firme sites although greater values for A. paniscus and A. maconnelli were recorded by Parry et al., (2007) . Sighting rates of between 0.2 and 0.5 groups per 10 km are common in surveys of Chiropotes populations, although greater values have also been recorded (see Bobadilla and Ferrari 2000) . Low sighting rates for the genus Ateles, Alouatta and Chiropotes seem to be common in Amazonian terra firme sites (Peres 1997; see Bobadilla and Ferrari, 2000 for the genus Chiropotes). Thus, we believe that our greater rates are a result of the decrease in native forest area because of deforestation for mining in the plateaus, causing those species to be more easily sighted. For the genus Saguinus and Saimiri, the low sighting results were as expected. The genus Saguinus as other callithricidae are known to prefer secondary forest (Rylands, 1987) and are usually abundant in this habitat type (Parry et al., 2007) while Saimiri is usually abundant in varzea areas (Peres, 1997) , habitat types not found in the plateaus. However, the discrepancies between co-generics cannot be attributed to systematics per se. Variation in habitat structure and sample effort may be the explanatory variables for those differences. For the same taxa, among different studies, there were large differences in sighting rates (see Peres, 1997; Parry et al., 2007 for Amazonian primates and Chiarello, 1995 for Atlantic Forest primates).
Group sizes recorded here, for A. macconnelli, (2-9) are similar to those found in another study conducted in the Saracá-Taqüera National Forest (Andrade, 2007) as well as those found in the literature (6-9 Crockett and Eisenberg, 1987) , although greater values have also been recorded (more than 16 individuals Defler, 2003) . The red-backed saki, Chiropotes sagulatus, the second most abundant species in the study, in terms of direct records, presented the highest group sizes with up to 36 individuals in one observed group. Our findings supported results found in other studies for this species (Ayres, 1981; Frazão, 1992; Roosmalen et al. 1981; Andrade, 2007) . Given that the species presents ample home ranges (200-500 ha) and daily movements (Ayres, 1981; Roosmalen et al., 1981) , the existence of many groups in the plateaus is unlikely.
The capuchin monkey, Cebus apella, was the second most abundant species in the study (total records). However, when considering only direct observation records it was the most abundant primate species. This species uses a great diversity of habitats, from deciduous woodlands to mature forests (Defler, 2003; HernandezCamacho and Cooper, 1976) and also displays wide home ranges (90-158 ha: Defler, 1982; Stevenson et al., 1992) . Hence, it is to be expected that groups would be found residing in the plateaus or using the plateau as part of their home range or territory. This species' observed group sizes (1-20) were similar to those found in Andrade (2007) , although lower than those found in the literature (Defler, 2003) which could represent a response by the species to the deforestation of the plateau.
Ateles paniscus is the largest species in this genus (Roosmalen and Klein, 1988) , and probably due to size constraints, it requires mature primary forests, avoiding forest edges (Roosmalen, 1980) . Indeed, throughout our study, as deforestation proceeded, the number of records decreased. We found group sizes ranging from one to 18 individuals, larger than groups reported by Andrade (2007) for the same region. Elsewhere, published data indicate group sizes varying from two to nine individuals (Roosmalen, 1980) . We recorded smaller groups more often, which may represent smaller feeding sub-groups, as already reported in the literature (see Roosmalen and Klein, 1988) .
There is a paucity of information concerning Saguinus martinsi in the literature (Oliveira et al., 2004) . The species presented group sizes of 1-14 individuals (Andrade, 2007) although we recorded groups with up to 20 individuals in reforested areas (following bauxite extraction). The larger group sizes in reforested areas may be in response to the higher primary productivity in these areas and due to the species' ability to use secondary habitats, in comparison to mature forests, where competition for resources may be lower or the environment free from natural predators, usually found in the forest. Andrade (2007) reported S. martinsi as the most abundant species (N = 72) in his study at Saraca-Taquera National Forest with also the highest density (89 ind/km 2 ) while in our study S. martinsi was only the fourth most abundant species. This difference may be due to the areas sampled in both studies. Our study concentrated mostly in plateau areas while Andrade (2007) had a higher sampling effort in lowland forests.
With respect to S. sciureus, the average group size of about four individuals (range 1-20) is smaller than that reported in the literature. Defler (2003) reported that groups of S. sciureus range from 10-20 individuals, although Klein and Klein (1973) and Terborgh (1983) reported groups of 25-45 individuals. Our records were comprised mainly of single individuals or of a few individuals found together with C. apella.
The golden-handed tamarin (Saguinus midas) was the species least recorded in the study, first in 2004 and then again in 2007. Our records comprised lone individuals and groups consisting of four and five individuals respectively, which corroborate group sizes described in the literature where group sizes range from 3-12 individuals with an average of 5 to 6 individuals (Snowdon and Soini, 1988) .
Taxonomic problems
There are many problems in the taxonomy of Neotropical primates, with new species being discovered, and or rearranged (Silva Júnior, 1998; Vivo, 1996) , besides the many complex groups of species (superspecies) waiting to be untangled (Grelle, 2002) . The most recent publications of Brazilian primate lists are incongruent CPB/IBAMA, 2005) and when compared to the international literature (Rylands et al., 2000; Wilson and Reeder, 2005 ) the discrepancies are much greater. Our records of species from the genus Pithecia and Chiropotes are examples of these problems. We recorded, by direct observation, only one form of the genus Pithecia with a phenotype similar to P. p. pithecia although it had a white facial mask with yellowish cheeks. Other taxon of this species, P. p. chrysocephala, are also thought to occur in the area (Hershkovitz, 1987) . Andrade (2007) recorded 10 groups of P. p. chrysocephala in Saracá-Taqüera. However, none of them was recorded in plateau areas. The specimens from Amapá deposited in the MPEG are white-faced (P. p. pithecia), while the specimens from the Negro river are red-faced. The specimens from the intermediate region are white-faced with yellowish cheeks as indicated by Silva Júnior and Cerqueira (1997). The animals recorded in the study area presented this intermediate phenotype, which suggest that there may be are two sympatric taxa of P. pithecia in this region. We also recorded two forms of the genus Chiropotes, based mainly on different coat color. One of the forms is much darker, almost black, while the other follows the variation of the brown pattern described for C. sagulatus by Silva Júnior and Figueiredo (2002) .
In order to elucidate these taxonomic discrepancies we recommend further systematic monitoring studies, with collection of some individuals for morphological and genetic analysis, to resolve the taxonomic doubts as to the Chiropotes and Pithecia. These actions will provide a more accurate scenario of the primate community inhabiting the rain forest of the Saracá-Taqüera National Forest.
Despite the deforestation inherent in bauxite mining, the Saracá-Taqüera National Forest still has a remarkable richness of primate species. It gives this conservation unit a unique importance as a protected area, and makes it an excellent location to carry out studies on the dynamics of primates in response to deforestation of tropical forests.
